Abstract. Results are reported from an experiment in which the HF high power facility at Tromso was utilised to inject artificial ULF waves into the magnetosphere by means of modulated heating of the auroral electrojet. Local electric field oscillations associated with the artificially stimulated ULF waves were detected on board the FAST spacecraft, at an altitude of 2550 km. In addition, a modulated downward flux of electrons was also detected. The artificially excited waves, together with these energised downward electrons, were observed in a narrow region only a few tens of km across the geomagnetic field, which mapped down the geomagnetic field line to the heated volume in the ionosphere.
Introduction
The ElSCAT high power facility (heater) at Tromso, Norway, has been used extensively to generate both VLF and ULF electromagnetic radiations by means of modulated heating of the ionospheric conducting layers [Stubbe et al., 1982 [Stubbe et al., , 1985 Stubbe, 1996] . The EISCAT heater operates in the HF band between 3.9 and 8 MHz. VLF and ULF waves are generated in the ionosphere by modulating the heater power with the desired frequency. This has the effect of modulating the electron temperature in the ionosphere, through the strong heating eflkct of the electromagnetic waves [Stubbe and Kopka, 1977] . Because of its dependence on electron temperature, this in turn causes the value of the electrical conductivity of the ionosphere to oscillate at the desired tkequency. Thus, natural currents (the ionospheric electrojet) are also modulated at the desired rate. As a result, the oscillating ionospheric current acts as a giant antenna that transmits the VLF and ULF electromagnetic waves out into space as well as back down to the ground.
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Experimental Arrangement
ULF waves with a frequency of 3 Hz were continuously excited by modulated heating, using the Tromso heater, between 20:15 UT and 20:45 UT on 8 October, 1998. This period occurred after local sunset and thus in the absence of any solar illumination. The input power to the heater transmitters was 960 kW. However, only half of this was available for the ULF excitation, because the other half of the power was consumed by a VLF modulation of 1 kHz, which was applied simultaneously with the ULF modulation. The purpose of this second modulation was to allow a spatially broad, unguided VLF signal to be injected into the magnetosphere. This signal could, in principle, be detected by the spacecraft when far from the field line through Tromso and constituted a separate experiment which will not be referred to further in this report.
During the period of modulated heating, the heater only from above the spacecraft. An electric field with a significant component parallel to the geomagnetic field within the acceleration region and oscillating at 3 Hz would explain our observations. However, as is well known, the ideal MHD theory of Alfv6n waves excludes any components of the electric field parallel to the background magnetic field. This is because electron inertia is neglected in ideal MHD. As is explained below, when electron inertial effects are included, parallel electric field components associated with field guided ULF waves can become significant [Clemmow and Dougherty, 1969] .
A detailed quantitative analysis of the observations above is beyond the scope of this short report. However, they may be understood, in a semi-quantitative manner, in terms of a generalised Ionospheric Alfv•n Resonator (IAR) model due to Lysak [1993] . ' . ' . ' . ' . ' . ' . ' . ' . ' .1' . ' '1. ' . ' •' 
where co is the angular frequency of the wave, kll and ki are, respectively, the components of the wavevector, parallel and perpendicular to the geomagnetic field and fZi and fie are the ion and electron gyro-frequencies, respectively. It is reasonable to assume that the heated patch is a gaussian shape of width L, across the geomagnetic field, then the characteristic width of the spatial spectrum normal to the geomagnetic field, will be 1/L. Further, the value of kll is just co/VA, as long as L >> VA/(g2ig2e) 1/2. This inequality is well satisfied for the heated patch under consideration. Hence, relation (1) can be written Eii/Ei= VAco/(LI2,12e)
From relation (2) it is not difficult to appreciate that the parallel electric field is only significant near the peak of the VA profile, at the upper boundary the IAR. Indeed, using the very approximate values of VA, from Lysak's model, and allowing also for the reduction of the geomagnetic field strength by a factor of around 3.5 in moving from the Earth's surface to a point 0.5 RE above it, the ratio in relation (2) increases by around three orders of magnitude at the upper boundary of the IAR, compared to its value in the ionosphere.
It should also be noted that this region of higher parallel electric field strengths lies at a distance of around 700-1000 km above the position of the FAST satellite and therefore coincides well with the estimated position of the electron acceleration region as determined by the observed energy dispersion in the downward electron flux.
The gaussian spatial distribution may also be attributed to the perpendicular electric field component. Thus, the factor of k•in relation (1) implies that the spatial distribution of the parallel electric field component will be a derivative of the gaussian with respect to a displacement normal to the geomagnetic field. Then, the parallel field will be upward in Although we have proposed an electron precipitation mechanism that involves man-made ULF waves, it is not difficult to see that a similar process could also easily occur naturally. Any disturbance in the lower ionosphere, localised in a few km across the geomagnetic field and exhibiting time variations with scale times of seconds to tenths of seconds, could launch field guided ULF waves which would produce accelerating parallel electric fields when they reached the IAR boundary. This constitutes a powerful feedback process, since the precipitated electrons will enhance the original ionospheric disturbance, which will in turn enhance the upgoing wave amplitudes. Furthermore, the upgoing electrons produced by the mechanism described can, in principle, travel unimpeded to very great distances out along the field line, beyond the IAR boundary. This implies that it may be possible to tag field lines by detecting these electrons with satellites orbiting at several Earth radii.
